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TITLE OF THE INVENTION 

DONOR FILM FOR LOW MOLECULAR WEIGHT FULL COLOR ORGANIC 
ELECTROLUMINESCENT DEVICE USING LASER INDUCED THERMAL IMAGING METHOD 
AND METHOD FOR FABRICATING LOW MOLECULAR WEIGHT FULL COLOR ORGANIC 
ELECTROLUMINESCENT DEVICE USING THE FILM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2002-80769, filed 
on December 17, 2002 and Korean Patent Application No. 2003-39944, filed on June 19, 2003, 
under 35 U.S.C. § 1 19, the entirety of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a donor film for a low molecular weight full color 
organic electroluminescent device and a method for fabricating a low molecular weight full color 
organic electroluminescent device using the same, more particularly, to a donor film used for 
forming an organic layer of an organic electroluminescent device and a method for fabricating a 
low molecular weight full color organic electroluminescent device fabricated by using the same. 

2. Description of the Related Art 

[0003] Generally, an organic electroluminescent device consists of anode and a cathode, and 
various layers, including a hole injection layer, a hole transport layer, an emitting layer, an 
electron transport layer and an electron injection layer. Organic electroluminescent display 
devices are typically divided into low molecular weight organic electroluminescent display 
devices and high molecular weight organic electroluminescent display devices, wherein each 
layer is introduced by vacuum deposition in the case of the low molecular weight organic 
electroluminescent display device, while an emitting device is fabricated using a spin coating 
process in the case of the high molecular weight organic electroluminescent display device. 

[0004] In the case of a single color device, an organic electroluminescent display device 
using a high molecular weight molecule simply fabricated using a spin coating process has 
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disadvantages in that the efficiency and the life cycle are decreased although the driving voltage 
is lower compared with an organic electroluminescent display device using a low molecular 
weight molecule. Furthermore, a full color device in which red, green and blue polymers are 
patterned has problems in that the emitting characteristics, such as the efficiency and the life 
cycle, are decreased when using inkjet technology or a laser induced thermal imaging method. 

[0005] Particularly, most of the single polymer materials are not transferred when patterning 
them using a laser induced thermal imaging method. A method of forming patterns of a polymer 
organic electroluminescent display device by the laser induced thermal imaging method is 
disclosed in Korean Patent No. 1998-51844 and U.S. Patent Nos. 5,998,085, 6,214,520, and 
6,114,088. 

[0006] To apply the thermal transfer method, at least a light source, a transfer film and a 
substrate are required, and light coming out of the light source is absorbed by a light absorption 
layer of the transfer film before being converted into thermal energy, so that a transfer layer 
forming material of the transfer film is transferred to the substrate by the thermal energy to form 
a desired image as disclosed in U.S. Patent Nos. 5,220,348, 5,256,506, 5,278,023, and 
5,308,737. 

[0007] The thermal transfer method may be used in fabricating a color filter for a liquid crystal 
display device and forming patterns of an emitting material as disclosed in U.S. Patent No. 
5,998,085. 

[0008] U.S. Patent No. 5,937,272 discloses a method of forming an advanced patterned 
organic layer from full color organic electroluminescent display device, wherein a donor support 
that is an organic electroluminescent material coated with a transferable coating material is 
used in the method. The donor support is heated so that the organic electroluminescent 
material is transferred onto the recess surface part of the substrate to form a desired colored 
organic electroluminescent medium in lower pixels, wherein heat or light is applied to the donor 
film so that the emitting material is vaporized and transferred to the pixels. 

[0009] U.S. Patent No. 5,688,551 discloses subpixels formed in each pixel region that are 
formed by transferring an organic electroluminescent material from a donor sheet to a receiver 
sheet, wherein the transferring process comprises forming the subpixels by transferring an 
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organic electroluminescent material having a sublimation property at a low temperature of about 
400 °C or less from the donor sheet to the receiver sheet. 

[0010] However, technology describing a low molecular weight full color organic 
electroluminescent display device has not yet been disclosed, although technologies using a 
laser induced thermal imaging method for high molecular weight organic electroluminescent 
display device are currently available. 

SUMMARY OF THE INVENTION 

[001 1] Therefore, to solve the foregoing and/or other problems of the related art, it is an 
aspect of the present invention to provide a donor film for a low molecular weight full color 
organic electroluminescent display device to mass-produce a low molecular weight full color 
organic electroluminescent display device and secure a pixel region having a large area, and a 
method to fabricate a low molecular weight full color organic electroluminescent display device 
using the same. 

[0012] To achieve the foregoing and/or other aspects, an embodiment of the present 
invention provides a donor film for a low molecular weight full color organic electroluminescent 
display device. The donor film comprises a substrate film, a photothermal conversion layer 
formed on the upper part of the substrate film, and a transfer layer formed on the upper part of 
the photothermal conversion layer and formed of a material comprising a low molecular weight 
material. A part of the transfer layer which is irradiated and heated by the laser is separated 
from the photothermal conversion layer according to a change of an adhesion force of the 
transfer layer with the photothermal conversion layer. A part of the transfer layer which is not 
irradiated by the laser is fixed to the photothermal conversion layer by an adhesion force of the 
transfer layer with the photothermal conversion layer. An adhesion force between a substrate of 
the organic electroluminescent display device to which the material comprising the low 
molecular weight material formed on the transfer layer is transferred and the material 
comprising the low molecular weight material and the adhesion force between the photothermal 
conversion layer and the material comprising the low molecular weight material are greater than 
the adhesive force between the material comprising the low molecular weight material of a laser 
irradiated region in the transfer layer and the material comprising the low molecular weight 
material of a laser non-irradiated region. Thus, the material comprising the low molecular 
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weight material of the laser irradiated region and the material comprising the low molecular 
weight material of the laser non-irradiated region are separated with respect to each other to 
cause a mass transistion from the photothermal conversion layer to the substrate. 

[0013] Furthermore, an embodiment of the present invention provides a method to fabricate 
a low molecular weight full color organic electroluminescent display device comprising forming a 
first electrode by patterning the first electrode on a substrate; forming one or more first organic 
film layers on the first electrode formed substrate by a spin coating or a vacuum deposition 
method; forming an emitting layer to embody full color on a pixel region by a laser induced 
thermal imaging method; forming one or more second organic film layers on the emitting layer 
by a spin coating or a vacuum deposition method; and forming a second electrode on the 
organic film layers. 

[0014] Furthermore, an embodiment of the present invention provides a method to fabricate 
a low molecular weight full color organic electroluminescent display device comprising arranging 
a donor film comprising a low molecular weight organic thin film material comprising a substrate 
film, a photothermal conversion layer and a low molecular weight organic electroluminescent 
material layer at a position spaced apart from a substrate in a certain distance at a position 
where a pixel region of the substrate is formed; irradiating a laser onto the donor film, thus 
separating the low molecular weight organic thin film material layer into a region in which the 
pixel region is formed from the donor film so that the low molecular weight organic thin film 
material layer is adhered to the substrate by a first adhesion force, fixing the low molecular 
weight organic thin film material layer of a region onto which the laser is not irradiated to the 
photothermal conversion layer by a second adhesion force, and separating the laser irradiated 
low molecular weight organic thin film material layer and the laser non-irradiated low molecular 
weight organic thin film material layer with respect to each other to cause mass transition. 
Thus, the low molecular weight organic thin film material layer in the pixel region is transferred 
from the photothermal conversion layer to the substrate since the adhesive force between the 
laser irradiated low molecular weight organic thin film material layer region and the laser non- 
irradiated low molecular weight organic thin film material layer is weaker than the first and 
second adhesion forces; and heat treatment is performed after completing the transfer step. 
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[0015] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0016] Furthermore, an embodiment of the present invention provides a low molecular weight 
full color organic electroluminescent display device fabricated by any fabrication method of the 
above fabrication methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments, taken in 
conjunction with the accompanying drawings of which: 

[0018] Further aspects and advantages of the invention may be more fully understood from 
the following detailed description taken in conjunction with the accompanying drawings in which: 

FIG. 1 is a drawing illustrating a transfer mechanism when transfer patterning an 
emitting organic film used in an organic electroluminescent display device using a laser; 

FIG. 2 is a cross sectional view schematically showing a structure of a low molecular 
weight full color organic electroluminescent display device patterned in accordance with ane 
embodiment of the present invention; 

FIG. 3 and FIG. 4 are drawings showing a structure of a donor film for a low molecular 
weight organic electroluminescent display device according to embodiments of the present 
invention; and 

FIG. 5 is a drawing illustrating a transferring method using a donor film according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0019] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 
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[0020] FIG. 1 is a drawing illustrating a transfer mechanism when transfer patterning an 
emitting organic film used in an organic electroluminescent display device using a laser 
according to an embodiment of the present invention. 

[0021] As illustrated in FIG. 1 , the organic film S2 is separated from a laser non-receiving 
part as it is being transferred to a substrate S3 after an organic film S2 adhered to a substrate 
S1 is separated from the substrate S1 by action of a laser. 

[0022] Factors affecting transfer characteristics are first an adhesion force (W12) between 
substrate S1 and film S2, an adhesive force (W22) between the films and a second adhesion 
force (W23) between the film S2 and the substrate S3. 

[0023] The first and second adhesion forces and adhesive force may be represented by 
surface tensions (y1, y2, y3) and interfacial tensions (y12, y23) of each layer, as set forth in the 
following expressions: 

W12= y1+y2-y12 

W22= 2y2 
W23= Y2+y3-y23. 

[0024] The adhesion force between the films should be less than the adhesion force 
between each substrate and the film to improve the laser transfer characteristics. 

[0025] Generally, an organic material is used as a material of each layer in an organic 
electroluminescent display device, wherein a fine pattern of an emitting layer may be formed by 
transferring an emitting material from a donor film to the organic electroluminescent display 
device, thus causing a mass transfer, since the first and the second adhesion forces are greater 
than an adhesion force in the case of using a low molecular weight material. Even fine patterns 
of an emitting layer may be formed, and there is less possibility of mis-alignment by transferring 
the emitting material from the donor film to the organic electroluminescent device. 

[0026] FIG. 3 and FIG. 4 are drawings showing a structure of a donor film for a low molecular 
weight organic electroluminescent display device according to embodiments of the present 
invention. 
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[0027] The donor film 34 has a structure in which a photothermal conversion layer 32 and a 
transfer layer 33 are applied to a substrate film 31 as illustrated in FIG. 3. 

[0028] FIG. 3 illustrates a donor film of the most basic structure, wherein a structure of a film 
may be changed, depending on applications. For example, the donor film may be an anti- 
reflection coating treated to prevent characteristics of a transfer layer from deteriorating due to 
reflection, or a gas-generating layer 35 may be additionally formed in the lower part of the 
photothermal conversion layer to improve the sensitivity of the film as illustrated in FIG. 4. 

[0029] The gas-generating layer 35 causes a decomposition reaction when absorbing light or 
heat so that the gas-generating layer 35 provides a transfer energy by emitting nitrogen gas or 
hydrogen gas when the gas-generating layer 35 is formed of one material selected from 
pentaerythritol tetranitrate, trinitrotoluene, etc. 

[0030] The substrate film 31 is generally formed of a transparent polymer, the polymer may 
include polycarbonate, polyester, polyethyleneterephthalate, polyethylenenaphthalate, 
polyestersulfonate, polysulfonate, polyarylate, fluorinated polyimide, fluorinated resin, polyacryl, 
polyepoxy, polyethylene and/or polystyrene. Polyethylene terephthalate film is a suitable 
material for the substrate film. A thickness of the substrate film is generally 1 0 to 500 pm. The 
substrate film functions as a supporting film, and a composite multiplayer system may also be 
used as the substrate film. 

[0031] The photothermal conversion layer is typically formed of a light absorbing material 
having a property for absorbing light in the infrared-visible ray range. A film having the desired 
characteristics includes a metallic film comprising aluminum, aluminum oxide and sulfide and an 
organic film comprising a polymer to which carbon black, graphite or infrared dye is added, 
wherein the metallic film having a thickness of 100 to 5,000 A is formed by using electron beam 
deposition or a sputtering method, and the organic film having a thickness of 0.1 to 10 pm is 
generally formed by using a general film coating method of extrusion, spin coating or knife 
coating. 

[0032] As described above, the transfer layer 33 is generally formed of at least one low 
molecular weight organic electroluminescent material that is not a high molecular weight 
material, wherein a transfer layer having a thickness of 100 to 50,000 A is formed by using a 
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general coating method of extrusion, spin coating, knife coating, vacuum deposition and 
chemical vapor deposition. 

[0033] Using materials represented as illustrated in the following Formulas 1 to 12 generally 
form the low molecular weight organic electroluminescent layer: 

Formula 1 
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Formula 3 
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Formula 6 
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Formula 9 




CH2CH3 

Formula 1 1 

C 




CH3 
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Formula 12 




[0034] The transfer layer may further comprise at least one layer selected from the group 
consisting of a hole injection layer, a hole transporting layer, a hole blocking layer and an 
electron transporting layer. 

[0035] The hole transmitting layer may be a compound represented as in the following 
Formulas 14 to 18. 
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Formula 14 



CH, CHa 
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Formula 17 




[0036] The hole injecting layer may be a compound represented as in the following Formulas 
19 to 23. 
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Formula 22 




[0037] The electron injecting layer may be formed of one selected from the group consisting 
of 1,3,4-oxadiazole derivative, 1 ,2,4-triazole derivative, Alq 3> Ga complex, and PBD. 

[0038] The hole blocking layer may be formed of one selected from the group consisting of 
TAZ, spiro-TAZ, compound represented as in the following Formulas 24 to 26. 
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[0039] An organic electroluminescent device may be completed by forming an insulating 
layer on a second electrode layer 25 after forming an organic thin film of a first organic film layer 
22, an emitting layer 23 and a second organic film layer 24 according to the above method and 
forming the second electrode layer 25 oppositely directed to the first electrode layer 21 on the 
second organic film layer 24. 

[0040] On the other hand, an embodiment of the present invention provides a method to 
fabricate a low molecular weight full color organic electroluminescent device by a laser induced 
thermal imaging method using a low molecular weight molecule as an emitting material to form 
the emitting layer. 

[0041] FIG. 2 is a cross sectional view, schematically showing a structure of a low molecular 
weight full color organic electroluminescent device patterned in accordance with an embodiment 
of the present invention. Referring to FIG. 2, an organic electroluminescent device according to 
an embodiment of the present invention may be formed by patterning the first electrode layer 21 
on a semiconductor substrate 2, wherein the first electrode layer 21 is separated into a pixel 
defined layer (PDL) or passivation layers. 

[0042] First, an organic film layer 22 is formed on the first electrode layer 21 after forming the 
first electrode layer 21 . 

[0043] The first organic film layer 22 may be formed along with the emitting layer 23 and the 
second organic film layer 24 by a laser induced thermal imaging process or may be formed by 
itself as described below. 

[0044] The first organic film layer 22 comprises a hole injection layer and/or a hole transport 
layer, when the first electrode 21 is the anode. Generally, a low molecular weight organic 
electroluminescent display device comprises a hole injection layer and a hole transport layer to 
improve the characteristics of the device. 

[0045] The hole injection layer and/or the hole transport layer may be formed by spin coating 
or a deposition method when forming the first organic film layer 22 only. 

[0046] On the other hand, the first organic film layer 22 comprises one or more layers of the 
electron transport layer, the hole blocking layer and the electron injection layer when the first 
electrode 21 is the cathode. Generally, a low molecular weight organic electroluminescent 
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display device comprises an electron transport layer to improve the characteristics of the device 
as described above, and further comprises a hole blocking layer and/or an electron injection 
layer. 

[0047] As mentioned above, the emitting layer 23 may be formed on the first organic film 
layer formed on the substrate if a first organic film layer is first formed on a substrate. A donor 
film on which emitting material is formed is prepared by any coating method, including vacuum 
deposition or spin coating a low molecular weight emitting material on a donor film to transfer 
the emitting material to manifest red, green and blue colors on the transferring donor film. 

[0048] The emitting layer may be formed by transferring the emitting material to the prepared 
donor film using a laser beam so that the low molecular weight emitting material coated on the 
donor film is patterned on a pixel region on a substrate on which a first organic film layer 22 is 
formed. 

[0049] Referring to FIG. 5, a method to form fine patterns of an organic electroluminescent 
display device according to an embodiment of the present invention is described in detail as 
follows. FIG. 5 illustrates a transferring method using a donor film according to an embodiment 
of the present invention. First, a transparent electrode layer 56 is formed on a transparent 
substrate 55. Separately, a donor film 54 is prepared by sequentially coating a photothermal 
conversion layer 52 and a transfer layer 53 on a substrate film 51. 

[0050] The transfer layer is prepared by coating an organic thin film forming material, wherein 
additives of a desired content may be added to the organic thin film forming material. For 
example, dopant may be added to increase the efficiency of the emitting layer. Methods to form 
a transfer layer include film coating methods of vacuum deposition, extrusion, spin coating and 
knife-coating methods as described above. 

[0051] The organic thin film forming material may be stacked together with an emitting 
material, a hole transmitting material and an electron transmitting material when forming first 
organic film layer 22, an emitting layer 23 and a second organic film layer 24 at the same time. 

[0052] An energy source 57 may be utilized to irradiate the donor film 54 after arranging the 
donor film 54 at a position spaced apart from a substrate 55 on which a transparent electrode 
layer 56 is formed along a predetermined distance. 
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[0053] The energy source 57 activates the photothermal conversion layer 52 by passing 
through the substrate film 53 via a transferring unit and emits heat by a thermal decomposition 
reaction. A transferring material may be transferred to a desired pattern and thickness on a 
substrate 55 in which the transparent electrode layer 56 is formed on the transparent substrate 
55 due to the emitted heat. 

[0054] An energy source used in an embodiment of the present invention includes a laser, a 
xenon lamp and a flash lamp. The laser is generally used, since the laser provides a desirable 
transferring effect when a circular or other shaped laser beam is used. 

[0055] When a laser is used to irradiate the donor film, a hole transporting low molecular 
weight material and/or an electron transmitting low molecular weight material is separated from 
the donor film in a region in which the pixel region is formed so that the low molecular weight 
organic electroluminescent material is adhered to the substrate by a first adhesion force, the low 
molecular weight organic electroluminescent material of a region onto which laser is not 
irradiated is fixed to the photothermal conversion layer by a second adhesion force, and the 
laser irradiated low molecular weight organic electroluminescent material and laser non- 
irradiated low molecular weight organic electroluminescent material are separated with respect 
to each other to cause mass transfer. Thus, the low molecular weight organic 
electroluminescent material in the pixel region is transferred from the photothermal conversion 
layer to the substrate since the adhesive force between the laser irradiated low molecular 
weight organic electroluminescent material region and the laser non-irradiated low molecular 
weight organic electroluminescent material is weaker than the first and second adhesion forces. 

[0056] The low molecular weight organic electroluminescent material transferred donor film 
passes through a heat treatment process for annealing and adherence of the transferred 
material after completing the foregoing transfer process. 

[0057] Transferring of the transfer material may be performed in one stage or in a plurality of 
stages. That is, transferring may be made once or several times repeatedly to transfer a 
thickness of an organic thin film layer to be transferred. For a full color device, R, G, B 
electroluminescent materials may be transferred repeatedly onto a common hole transporting 
layer. A hole blocking layer and/or an electron transporting layer may be vacuum deposited as 
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a common layer. However, the transfer material may be transferred in one operation, 
considering the convenience and the stability of the process. 

[0058] The second organic film layer 24 may be formed along with the emitting layer or 
formed continuously after forming the emitting layer only. 

[0059] The second organic film layer 24 comprises one or more layers selected from an 
electron injection layer, a hole inhibition layer and an electron transport layer when the first 
electrode is a cathode. Generally, a low molecular weight organic electroluminescent display 
device comprises an electron injection layer to improve the device characteristics, as described 
above, and further comprises a hole blocking layer and/or a electron transport layer, so that a 
low molecular weight full color organic electroluminescent display device is completed by 
sealing the second electrode after forming second electrode 25. 

[0060] The second organic film layer may be formed by spin coating or deposition when 
separately forming the second organic film layer. 

[0061] On the other hand, the second organic film layer 24 comprises a hole injection layer 
and/or a hole transport layer when the first electrode 21 is the anode. A low molecular weight 
full color organic electroluminescent display device may be completed by sealing the second 
electrode 25 after forming the second organic film layer and forming the cathode electrode as a 
second electrode. Spin coating or deposition may be utilized to form the second organic film 
layer. 

[0062] The present invention not only obtains a display device of high resolution, but also 
enables easy mass-production of the low molecular weight organic electroluminescent display 
device due to facilitated formation of fine patterns of the emitting layer by forming an emitting 
layer of a low molecular weight full color organic electroluminescent display device only using a 
laser induced thermal imaging method, without using a fine metal mask for the patterning of the 
RGB. 

[0063] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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